Abstract To assess the association between a child's and their parent's public health insurance status during a time when children had access to coverage independent of policies that impacted adults' access. Secondary data from the Oregon Health Plan (OHP) [Oregon's Medicaid and Children's Health Insurance Programs] for families with at least one parent and one child with OHP coverage at any time during the study period (2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010). We linked children to their parents in the OHP data set and examined longitudinal associations between the coverage patterns for children and their parents, controlling for several demographic and economic confounders. We tested for differences in the strength of associations in monthly coverage status in five time periods throughout the nine-year study period. The odds of a child being insured by the OHP in months in which at least one parent had OHP coverage were significantly higher than among children whose parents were not enrolled at that time. Children with at least one parent who maintained or gained OHP coverage in a given month had a much higher probability of being enrolled in the OHP in that month, compared to children who had no covered parents in the given month or the month prior. Despite implementation of policies that differentially affected eligibility requirements for children and adults, strong associations persisted between coverage continuity for parents and children enrolled in Oregon public health insurance programs.
Introduction
Children with continuous health insurance have higher rates of preventive health care and improved health outcomes, compared to children with unstable coverage [1, 2] . Historically, children in the United States were covered by the same health insurance program as their parent(s)-an employer-sponsored plan or a public insurance program [3] . This tradition of a 'family health insurance plan' likely contributed to past reports of a strong association between coverage for children and parents [4] [5] [6] . More recently, programs target parents and children separately, and fewer families have just one plan covering all family members. For example, the Children's Health Insurance Program (CHIP) 'decouples' family insurance by providing access to coverage for children independent of policies that impact adults' access [7] , and many states' Medicaid programs have different eligibility requirements for adults and children [8] .
As children have had increased opportunities for coverage, we assessed whether coverage status changes for parents are still affecting their children's coverage [9] [10] [11] . This relationship is poorly understood. Most previous studies that reported associations between the insurance status of parents and children used cross-sectional or survey data limiting their ability to assess longitudinal associations between parent and child coverage continuity, or the odds of a child having coverage during a time period when a parent gains or loses coverage [6, [12] [13] [14] [15] .
We hypothesized that, as a result of CHIP policies, a child's public health insurance status may become less strongly associated with their parent's status. To test this, we linked children and their parents using Oregon Health Plan (OHP) [Oregon's Medicaid and CHIP programs] administrative data, and assessed the longitudinal association between children's odds of being covered and their parents' maintenance, gain, or loss of public coverage. We compared the strength of this association during five time periods over 9 years that incorporated three major policy changes (see Fig. 1 and descriptions below), and examined whether these changes were associated with significant differences in the percentage of children in the sample covered by the OHP.
The Policy Changes

Policy Change One
In 2003, Oregon expanded CHIP eligibility from 133 to 185 % of the Federal Poverty Level (FPL). Concurrently, due to declining state revenues, the OHP split into two programs for adults: OHP Plus for those eligible to receive coverage based on Federal rules (e.g., pregnant women, the disabled) and OHP Standard for non-disabled adults making less than 100 % FPL (described elsewhere) [16, 17] . OHP Standard required an adult to be uninsured for 6 months before they could be considered for coverage, reduced adults' benefits, increased copayments, and introduced premiums. OHP Standard then closed to new applicants from mid-2004 to 2008. Over 50,000 adults covered by OHP Standard lost coverage [18, 19] . Oregon's decision to cut adults from the OHP was made with the explicit goal of keeping children covered by expanding children's eligibility. We looked at this policy change to investigate what happened to children when their parents lost public coverage.
Policy Change Two
In 2008, OHP Standard re-opened enrollment for a limited number of new applications from low-income adults who did not qualify for categorical Medicaid. Because demand far exceeded availability, the Centers for Medicare and Medicaid Services permitted a randomized selection process for enrollment of new members. By February 2008, nearly 100,000 uninsured, low-income adults in Oregon placed their names on an OHP 'reservation list,' in hopes of being randomly selected to apply for OHP coverage. Starting in March, a series of eight random drawings were conducted; approximately 10,000 individuals with incomes at or below 100 % FPL eventually received coverage after applying [20] [21] [22] . We looked at this policy change to investigate the likelihood of a child gaining coverage when a parent gained coverage.
Policy Change Three
The OHP random selection process was repeated in 2010. Concurrently, Oregon expanded CHIP to include children with family incomes up to 200 % FPL and launched the Healthy Kids Connect program, which offered insurance premium subsidies for children of families earning between 200 and 300 % FPL. Although an estimated 90,000 children gained coverage through these programs [23] , many eligible children remained uninsured [24, 25] . We looked at this policy change to investigate what happened to children when parents gained coverage.
Methods
Data Sources
We used OHP administrative data, which included enrollment details for all children who received Medicaid or CHIP coverage at any point between January 1, 2002 and December 31, 2010. This longitudinal dataset contained each child's age, race, sex and zip code, individual identification (ID) number, household case ID number, and dates enrolled in coverage. This dataset also included similar information for all individuals who shared a household case ID number with these children. Data on county Rural-Urban Continuum Code (RUCA), yearly estimates of the percent of the county population participating in the Supplemental Nutrition Assistance Program (SNAP), and the percent of unemployed county labor force were obtained from the United States Department of Agriculture (USDA) [26] [27] [28] . Monthly data on unemployment rates in the state of Oregon were obtained from the Bureau of Labor Statistics local area unemployment statistics [29] . Families were linked to county level economic indicators through their zip code.
Study Population
We began with 889,452 household case IDs from the OHP administrative data. Because child-parent pairs were not explicitly identified within the household, we created an algorithm to select a cohort of children with parent(s) who were also enrolled in the OHP at some point during the study period (detailed algorithm can be found elsewhere) [30] . Briefly, we included any OHP-enrolled household with two or more individuals, with at least one individual younger than 19 years of age and at least one possible parent older than 19 at any point during the study period. An adult was considered a possible parent if he or she was 12-55 years older than the child. Children could only have one possible parent of the same sex.
Family coverage data were limited to months in which the child was over 2 and\18. The earliest possible month a family was included was when the child turned 2, or when anyone in the family first appeared in the OHP data, whichever came last. The last possible month was when the child turned 18 or the month the entire family was gone from the OHP data set for a year, whichever came first. We The OHP expansion population included adults with income \100 % FPL who were not categorically eligible for Medicaid (described in detail elsewhere); [16, 17] the expansion population was enrolled in a newly created OHP Standard program that instituted copayments, reduced benefits and required timely payment of premiums to stay enrolled [19, 50] .
b Expansion of Oregon's CHIP. Family income determines whether the child qualifies for no-cost, low-cost or full-cost health insurance options. Note The three policy change points of interest (noted in boxes below the timeline) coincided with five time periods (noted above the timeline) in which trends in children's coverage rates differed significantly (P values \0.001), as identified by joinpoint regression analyses chose 1 year because the mean length of a gap in coverage in our dataset was 12 months. The data were restricted to months when the child was aged 2-18 to increase generalizability; some states have covered children up to age 2 with the same eligibility rules as those aged 0-1 [8, 31] . Child-months in which insurance eligibility codes indicated that coverage for the mother or child was based on pregnancy were also excluded from the analysis.
Because the within family intra-class correlation (ICC) was close to one, we limited our analysis population to a single child per family. To avoid bias due to differences in the probability of selection among families of different sizes, we utilized the youngest child in each household that met study inclusion criteria. Child's age was included in the analysis to control for any bias introduced by selection of the youngest child. As a sensitivity analysis, we tested our results in age stratified models. Our final cohort consisted of 138,651 household case IDs; including 133,045 mothers and 48,911 fathers.
Study Variables
The primary dependent variable for the regression analyses was whether or not a child was enrolled in the OHP at any time during a given month. We included two primary independent variables: (1) the policy change and (2) parental OHP coverage during the month of interest and the prior month. Additionally, an interaction term for these two variables was included to examine the strength of the childparent coverage association over time. Age of child, child's race and sex, number of children in the family, and RUCA were included as potential confounders of the association between the primary independent and dependent variables, as they have been shown to influence coverage [1, 6, 24, 32, 33] . Based on exploratory analysis of one-year age periods, children were categorized into four-year age blocks. To control for potential confounding related to income, which is associated with coverage [34] , and the overall strength of the economy at the time of the assessment, variables were included for: yearly percent of Oregon children with private insurance, monthly percent of county participating in SNAP, yearly percent of county unemployment, and monthly Oregon unemployment (not adjusted for seasonal work). Fig. 1 (above) , the three policy changes were used to define the boundaries of time periods in which the association of children's coverage with their parent's coverage could significantly differ.
To examine the association between a child's coverage status and parental coverage, we used a generalized estimating equation (GEE) model with a logit link to account for the correlation of repeated measures over time. We used a sandwich estimator for the GEE and specified an independent correlation structure for the model of repeated measures, an approach shown to be more robust than misspecification when the structure is unknown [35] .
We used joinpoint regression to identify significant changes in the trend of children's coverage rates over the study period. Joinpoint is a data-driven method that determines significant time trend changes, using a Monte Carlo permutation method and applying Bonferroni corrections to maintain type I error. (Joinpoint Regression Software Version 4.0.1, Statistical Research and Applications Branch, National Cancer Institute) [36] .
All analyses, except joinpoint regression, were conducted using SAS software, version 9.3 (SAS Institute, Inc.). A P value of \0.05 was considered statistically significant for all analyses. This study was approved by the Institutional Review Board at our academic institution.
Results
Time Periods of Most Significant Change in Children's Coverage Rates Figure 2 demonstrates monthly coverage rates for children in the study sample (enrolled in the OHP at some point between 2002 and 2010 with parent(s) also covered by the OHP at some point during this time period), and coverage rates of their linked parent(s). The five time periods included in the longitudinal analysis are delineated by vertical lines. Intervals with significant changes in the linear trend in children's coverage levels are identified by solid lines. Although a higher percentage of children than parents were covered each month, children's public coverage patterns closely mirrored parents' coverage patterns. Notably, we observe a significant drop in children's coverage following 2003 adult cost containment, which coincided with a policy to expand CHIP eligibility. During the third time period, joinpoints two and three likely correspond to changes in children's enrollment policies at the time including: reenrollment changing from 6 to 12 months and the implementation of proof of citizenship [37] . Coverage rates for both children and parents increased after the OHP random selection, which were implemented in five waves from February to October 2008. The joinpoint analysis confirmed a significant increase in children's coverage following random selection. Coverage rates for children and parents increased more steeply in 2010 after the implementation of Healthy Kids and the 2nd round of OHP random selection for adults. Table 1 presents the results of longitudinal GEE logistic regression models that assessed associations between monthly coverage for each child and coverage status of their linked parent(s) during the five time periods (before and after the three policy change points). Although the probability that a child would be covered if their parent was not covered increased between the first and last time period in the study, children with at least one parent who maintained (yes/yes) or gained OHP coverage (no/yes) in a given month had a much higher probability of being enrolled in the OHP in that month, compared to children who had no covered parents in the given month or the month prior (no/no) in all study time periods. (The adjusted probabilities of a child being covered if their parent was not insured in the current month ranged from 0.28 to 0.57, while the probability that a child with an insured parent was insured ranged from 0.89 to 0.95). The odds ratios (OR) for children's insurance with insured compared to uninsured parents were higher in the earlier time periods, and attenuated in time periods 4 and 5, but remained significant throughout the study (adjusted OR for children's coverage ranged from 17.5 to 22.7 in time periods 1 through 3, dropping to between 6.1 and 13.9 in periods 4 and 5). In four of the five time periods, children with a parent who lost public coverage (yes/no) had significantly lower probability of being enrolled in the OHP than children whose parents had no coverage in the given month or the prior month (no/no). Notably, in the time period immediately following the implementation of policies aimed at restricting coverage for adults, children whose parents lost public coverage (yes/no) had slightly higher odds of being enrolled in the OHP, compared with children whose parents had no coverage in the given month or the prior month (no/no) (adjusted OR 1.34, 95 % CI 1.31-1.36); however, their probability of coverage was still significantly lower than children whose parents were insured in that month.
Discussion
In this population of children and parents reliant on the OHP for health insurance, the overall patterns of coverage for children mirrored that of parents, suggesting that children's public coverage was affected by policies intended for adults only (Fig. 2) . The adjusted odds of being covered in a given month were significantly higher if a parent gained or maintained coverage, compared to if the parent had no coverage (Table 1) . This association decreased in later time periods, but remained strong throughout the entire study. Even after CHIP expansions in 2010, children with a parent who lost public coverage had significantly lower odds of being enrolled in OHP, compared with children whose parents had no coverage. In other words, the historic association between coverage for children and their parents persisted, even when public coverage was expanded for children. Our results suggest that children whose parents were covered by public insurance had similar patterns of coverage to their parents, even though policies diverged for children and adults. Child-only expansions in public coverage were associated with increases in children's health insurance coverage rates overall, yet children's coverage remained strongly associated with parental coverage patterns [7, 38] . Several possible explanations exist for the enduring association of child-parent coverage congruity reported here. During periods when OHP coverage was not accessible to many adults, parents may not have realized that these eligibility restrictions did not apply to children, or may have mistakenly thought that a loss of adult coverage equated to a loss for the entire family. This phenomenon has been shown in qualitative studies. Interviewees reported they discovered their children qualified for OHP only after they put their name on the 2008 OHP 'reservation list' [39, 40] , likely explaining the higher rates of coverage in 2009, compared to 2008 (Fig. 3) .
Child-parent pairs in our cohort could have dis-enrolled from OHP after entire families gained access to private coverage. However, rates of employer-sponsored coverage have declined for American families in the past decade [41, 42] and the percentage of US employers offering health insurance to families decreased from 66 % in 1999 to 59 % in 2009; for families still able to obtain employer-sponsored coverage, premium costs increased 97 % since 2002 [43, 44] . We included the percentage of privately insured children, county and state unemployment levels and county SNAP participation rates in our model to account for possible economic changes. While these variables were significantly associated with the probability of a child being insured, they did not alter the strength of the association of child-parent insurance status.
Another possible explanation for why a child and parent could have concurrently lost OHP coverage could be that the family moved out of state. To account for families who may have moved, we only kept individuals from a household in the analysis for 1 year after coverage ended if there was no further record of anyone in the household obtaining OHP coverage. Also notable was that children whose parents lost public coverage had lower odds of being insured as compared to children whose parents never had coverage in a given period. This phenomenon could be due to the known confusion about a child's eligibility for continued coverage at the time an adult lost public coverage.
Policy Implications
The Affordable Care Act (ACA) has provisions to expand public coverage options for adults, which may lead directly to improved coverage continuity for many parents. Due to the continued association between child and parent coverage, improved continuity for parents could indirectly impact coverage continuity for their children [45] . This could happen through a 'welcome mat' effect, which happens when parents obtain coverage and discover that their children are also eligible [46] . It remains unclear how many low-and middle-income parents will gain coverage once the ACA is implemented, as state Medicaid expansions are optional [47] . Some may gain coverage under the ACA mechanism that gives people earning up to 400 % FPL subsidies for purchasing health insurance through state exchanges. However, these policies are being challenged in court and may not be available in every state. There is also concern about a 'family glitch' that will not provide subsidies adequate enough for parents to buy coverage for their children [48] . Further, many families experience frequent income fluctuations, which could result in parents 'churning' on and off different insurance programs. A recent study estimates that 35 % of adults will experience a change in eligibility and 24 % will experience at least two eligibility changes within a year of ACA implementation [49] . As demonstrated here, high parental churn will be detrimental to kids' coverage. When parents lose public coverage, their children have much higher odds of losing public coverage.
Limitations
Our analyses were limited by the data available. We had information about public coverage in one state only; associations may differ among families with different types of coverage, or in states with different eligibility and/or enrollment policies. This research was not designed to provide a causal link between parent and child coverage congruity. Because the study focus was the association of children's coverage with their parents' coverage, our analysis excluded children whose parents were never covered by the OHP. As CHIP policies were changed to promote enrollment of additional children, we were concerned that the proportion of children with parents also covered by OHP might drop over the study period, compared to the total number of children with OHP coverage. However, when we looked at the percentage of children in our study population, compared to the total number of children enrolled in the OHP each year, we found the percentage remained consistent (approximately 35 % each year). We investigated the difference in results if we excluded parents whose Medicaid eligibility codes indicated disabled status (n = 8,030 children) and found predicted probabilities were virtually unchanged. We dropped children/parents from the population after a period of 1 year with no family member enrolled in the OHP, which may have underestimated rates of uninsurance. Since we included children aged 2-18, generalizability of our results is limited to children in this age range. We included only the youngest child in the family to avoid GEE model instability from low cluster sizes within families. The ICC findings; however, indicated that the use of only the youngest child from each family did not unduly bias our results. Finally, to test the effect of additional smoothing of coverage, we conducted analyses without counting those with a 1 month gap as uncovered (n = 12,451 children) and found minimal variance in results.
Conclusions
This study highlights a consistent association between patterns of public coverage for children and parents during a time in which public coverage eligibility was closed or very limited for most parents, but was consistently open and expanded for children. Findings show that when parents lose health insurance coverage, children also risk losing coverage. Therefore, keeping parents insured is important to keeping children insured.
